Study Design. A retrospective database review. Objective. The aim of this study was to compare complication rates following one to two-level lumbar spine surgery in patients with primary hypercoagulable states and coagulopathies. Summary of Background Data. Both hypercoagulable states and coagulopathies are not uncommon conditions that have the potential to significantly alter perioperative patient management. However, there are few studies that document the added risk of medical complications following spine surgery in these patient populations. Methods. The PearlDiver database (2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012) was utilized to determine perioperative complication rates in patients with primary hypercoagulable states and coagulopathies who underwent primary one to two-level posterolateral lumbar spine fusion. Control cohorts without specific hematologic disorders were matched by demographics and comorbidities. Ninety-day complication rates were determined, along with revision rates at one and two years. When considering complication rate comparisons between matched cohorts, P < 0.005 was considered significant. Results. In total, 746 patients with coagulopathies and 2753 patients with primary hypercoagulable states were selected. Matched control cohorts contained 74,879 and 54,007 patients, respectively. Hypercoagulable patients had significantly increased rates of medical complications [odds ratio (OR) 1.4], infections (OR 1.6), and venous thromboembolisms (OR 9.0) during the three months following spine surgery and same-day transfusions (OR 1.2) when compared with matched controls (P < 0.001). Patients with von Willebrand disease or hemophilia had increased rates of three-month infections (OR 2.3) and transfusion (OR 2.0) when compared with a matched control group (P < 0.005). One-and two-year revisions rates were not significantly higher for either pathologic cohort when compared to matched controls. Conclusion. Both primary hypercoagulable states and coagulopathies increase infection and transfusion rates following one to two-level lumbar spine surgery.
B
oth hypercoagulable states and coagulopathies are not uncommon conditions that have the potential to significantly alter perioperative patient management. Inherited subtypes of these conditions have prevalences determined by genetic inheritance patterns. The most common coagulopathies are von Willebrand disease and hemophilia A, present in 1/100 people 1, 2 and 1/5000 men, 3 respectively. Hypercoagulable states, which can occur via loss or gain of function mechanisms, have a similar prevalence, as heterozygous Factor V Leiden mutation and Protein C deficiency are observed in up to 5% of Caucasian individuals 4 and 0.5% of adults, 5, 6 respectively. The perioperative risks associated with each of these conditions are well documented. Regarding hemophiliac individuals in particular, there have been many studies that have detailed the substantially increased bleeding and infection risks associated with total knee arthroplasty, 7-9 a common procedure in this particular population. When considering hypercoagulable states, thromboembolic complications are known to be common following orthopedic procedures in the absence of genetic risk factors [10] [11] [12] having a hypercoagulable disorder only heightens this risk. [13] [14] [15] [16] [17] Unfortunately, there are few studies that have evaluated the full complication profile following spine surgery in patients with these particular conditions. Wellcontrolled studies that detail the added risks of developing major medical complications are needed to better inform both patients and spine surgeons, improving outcomes.
The aim of the present study is to evaluate the increased risk of specific postoperative complications in patients with hemophilia, von Willebrand disease, or primary hypercoagulable states who were treated with one to two-level lumbar fusions. It is our hypothesis that these conditions predispose patients to significantly increased perioperative complications, a risk that cannot be overlooked during treatment.
MATERIALS AND METHODS
The present study used data acquired from a for-fee patient database, the PearlDiver Patient Records Database (www.pearldiverinc.com; PearlDiver Inc., Fort Wayne, IN). Specifically, the Medicare database, which has over 40 million records from 2005 to 2012, was utilized for this study. Querying of the database for patient information requires use of International Classification of Diseases, 9th Revision (ICD-9) diagnoses and procedures or Current Procedural Terminology (CPT) codes. Access to the database for academic research was granted by PearlDiver technologies, who stored and maintained the database on a password-protected server.
Patients who underwent posterior lumbosacral fusion from 2005 to 2012 were identified using the ICD-9 procedure codes 81.07 and 81.08. At this step, patients with same-day codes for cervical (81.01-81.03) or thoracic fusions (81.04-81.05) were excluded. Patients were then selected if they had a one to two-level fusion (81.62), excluding four to eight and nine or greater fusions (81.63, 81.64). Subsequently, all cases of spinal trauma, spine metastasis, primary bone cancer, or spine infection were excluded to select for patients treated with elective surgery. Revision fusions were excluded and the resulting cohort was limited to patients 84 years of age and younger.
Of this full cohort, the set of patients who had concomitant hemophilia A, B, or C (286.0-286.2) or von Willebrand disease (286.4) were selected out to form the cohort of patients with coagulopathies (746 patients). The full cohort of patients was then queried for all patients with a primary hypercoagulable state (289.81), forming a cohort of 2753 patients. Conditions encompassed by this diagnosis code include Factor V Leiden deficiency, hereditary protein C and S deficiencies, and prothrombin gene mutations, among other conditions known to result in a predisposition for clot formation. The remaining patients, 315,771 patients formed the basis for creation of control cohorts. To create control cohorts matched to the coagulopathy and primary hypercoagulable state cohorts, pathological cohorts were compared with the control cohort and sequentially, manually matched by age, gender, procedure code (i.e., ICD-9 CM: 81.07 or 81.08), diabetes mellitus, smoking history, obesity, chronic obstructive pulmonary disease (COPD), coronary artery disease (CAD), and chronic kidney disease (CKD) prevalences to create cohorts of patients that were statistically similar when comparing proportions of patients with the aforementioned clinical details. After matching, four cohorts were used for subsequent analysis: one cohort corresponding to the patients with a coagulopathy, one cohort of patients with a hypercoagulable state, and two cohorts of matched controls.
Each cohort was then queried for infections and postoperative complications within 90 days of the procedure utilizing ICD-9 and CPT codes. Medical complications included myocardial infarction, cerebrovascular accident, respiratory failure, acute renal failure, and pneumonia that occurred on the same day or during the 90 days afterwards. Transfusion rates on the same day of the procedure and during the 90-day afterwards were compared. Venous thromboembolism rates, which were calculated by assessing for the combined incidences of pulmonary embolisms (415. 
Statistics
Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated for each comparison between each pair of cohorts. Pearson x 2 analysis was used to determine statistical significance. Given the large patient population that was investigated in this study, P < 0.005 was considered significant when considering complication rate comparisons between matched cohorts. When comparing demographics and comorbidities between cohorts, P < 0.05 was considered significant to ensure effective matching.
RESULTS
Control comparison groups for each of the coagulopathy and hypercoagulable cohorts were created, totaling 74,879 and 54,007 patients, respectively. Demographic characteristics for each set of cohorts are summarized in Tables 1  and 2 . These two pairs of cohorts were statistically compared by demographic make-up and prevalence of comorbidities. When comparing these parameters, there were no statistical differences between the paired groups.
Patients with primary hypercoagulable states had significantly increased rates of medical complications, infections, and venous thromboembolisms during the three months following spine surgery when compared with matched controls (P < 0.001). Of note, patients with a primary hypercoagulable disorder had greater than eight times increased odds of having a venothrombolic event. In addition, transfusion rates on the same day of surgery were increased (P ¼ 0.0004). Revision rates were not statistically different during the first two years of follow-up (Table 3) .
Patients with von Willebrand disease or hemophilia had increased rates of 90-day infection and transfusion (P < 0.005) when compared with a matched control group. However, differences in rates of medical complications, venous thromboembolisms, revision, and same-day transfusion were not statistically significant (Table 4) .
DISCUSSION
In the present study, hypercoagulable states were associated with higher rates of medical complications, infections, venous thromboembolisms, and transfusions than a matched control cohort. In contrast, patients with coagulopathies only had increased rates of infection and three-month transfusions when compared with a matched control group. Reports of spine surgery in patients with coagulopathies [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] and hypercoagulable conditions [13] [14] [15] [16] [17] 33 are limited. Concerning coagulopathies, although many individual case reports exist that detail surgery for epidural or subdural hematomas in this patient population, 18, 19, [21] [22] [23] [24] 28, 31 there are several national database studies that have found that coagulopathy is an independent risk factor for perioperative complications. 26, 27, 30, 32 However, no studies have investigated coagulopathies primarily, to identify perioperative complication rates associated with these conditions. Reports of spine surgery in patients with a primary hypercoagulable state similarly tend to follow a consistent theme, generally describing thromboembolic complications following spine surgery, [13] [14] [15] [16] [17] with one case detailing lower extremity clot formation resulting in overt tibial compartment syndrome. 17 Again, no studies have investigated the full scope of medical complications that occur following spine surgery in patients with primary hypercoagulable states.
Infection rate was significantly increased in our study when comparing both pathological cohorts with their respective matched control groups. Increased perioperative infection rates in patients with coagulopathies are well-documented, particularly following total knee arthroplasty. [7] [8] [9] This is surmised to be due to immunodeficiency because of high rates of Hepatitis C and human immunodeficiency virus (HIV), as well as increased rates of intravenous self-administration of clotting factors. 8, 34, 35 Regarding primary hypercoagulable states, however, literature concerning infection rates following surgery is more limited, although at least one report has suggested that a genetic predisposition to increased platelet adhesion may predispose to increased rates of infection of intravenous catheters. 36 The increased rates of medical complications observed in patients with primary hypercoagulable states were mostly due to increased rates of respiratory failure in this population. Significantly increased rates of venous thromboembolisms during the same period support this finding, as it is likely that a not insignificant proportion of venous thromboembolisms manifested themselves with acute shortness of breath. 
OUTCOMES
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The present study has several advantages. This is the largest study evaluating patients with primary hypercoagulable states or coagulopathies in a matched control setting, specifically assessing postoperative complication profiles. Matching for age, gender, and various comorbidities was important for controlling for confounders and establishing correlation. Utilizing the PearlDiver database allowed for generation of large cohorts and subsequent powered analyses. The PearlDiver database has advantages over other similar nationwide databases. For example, postoperative complications are much more easily captured due to high-fidelity follow-up, another strength of this study.
The present study's limitations are a reflection of our data source, a national database. Successful analysis relies on accurate coding, which is a potential source of error. 37 Comorbidities such as obesity and smoking history have been found to be anecdotally undercoded relative to other comorbid conditions, a finding that could limit our matching algorithm. In addition, when defining our comparative cohorts, we were unable to determine whether a concomitant laminectomy was performed nor whether instrumentation was utilized. Furthermore, we were unable to determine the graft material or specific fusion type that was used. Another limitation is that the PearlDiver database uses only an eight-year increment of data for this population. Although we restricted our outcome measures mostly to the three-month period following surgery, it is unclear whether all medical complications and other events can be attributed directly to the postoperative period following lumbar spine surgery. One final limitation is that we were not able to investigate rates of venous thromboembolism prophylaxis in patients with primary hypercoagulable states, which could have an effect on reported complication rates.
CONCLUSION
Both primary hypercoagulable states and coagulopathies increase the rate of transfusions and infections within three months when compared with matched controls. Increased rates of venous thromboembolisms and medical complications are also observed following lumbar spine surgery in patients with primary hypercoagulable states. The increased risk of complications in these two cohorts must be considered when evaluating patients with hematological abnormalities for lumbar spine surgery.
Key Points
Both primary hypercoagulable states and coagulopathies increase the rate of transfusions and infections following one to two-level lumbar spine surgeries. Hypercoagulable states are associated with increased rates of venous thromboembolisms and medical complications.
One-and two-year revision rates are not significantly higher for either pathologic cohort than matched controls.
